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Tir, a translocated effector protein from enteropathogenic E. coli (EPEC), contains two phosphotyrosines that
initiate cellular signaling cascades, leading to localized actin polymerization into pedestals. A recent study
now shows that two additional tyrosines within Tir recruit the inositol phosphatase SHIP2 to generate
a PI(3,4)P2-enriched membrane platform that stabilizes pedestal assembly.Whereas numerous intracellular bacterial
pathogens harness the power of actin
polymerization to drive their motility with-
in mammalian cells, enteropathogenic
E. coli (EPEC) are extracellular pathogens
that adhere to the plasma membrane and
reorganize the underlying cytoskeleton
into actin ‘‘pedestals’’ that propel them
along the cell surface. For many years,
pedestal formation has served as a pow-
erful experimental system for studying
actin dynamics. Now, a report by Smith
et al. (2010) in this issue of Cell Host &
Microbe explores how EPEC alters the
composition of the plasma membrane to
influence the morphology of the pedestal.
To form actin pedestals, EPEC utilize a
type III secretion system that delivers the
effector protein translocated intimin
receptor (Tir) into the target plasma mem-
brane (Hayward et al., 2006). Tir consistsof
a short extracellular loop separated by two
transmembrane segments and N- and
C-terminal cytoplasmic domains. The
extracellular portion binds to intimin, an
adhesin expressed on the surface of
EPEC, to mediate a tight association
between the bacterium and the plasma
membrane. This interaction also results in
clustering of the intracellular Tir domains.
The cytoplasmic C terminus of Tir con-
tains all of the signaling activity required
for actin-pedestal formation (Campellone
et al., 2004). Upon clustering, this region
is phosphorylated at residue Y474 and,
to a lesser extent, at Y454 (Figure 1). A
‘‘priming-and-challenge’’ experimental
approach that employs sequential steps
of Tir delivery by intimin-deficient EPEC
(priming) and synchronized Tir clustering
by intimin-expressing bacteria (challenge)
indicates that, within minutes of Tir clus-
tering, the Src family kinase c-Fyn associ-ates with Tir at cholesterol-rich detergent-
resistant membrane microdomains (DRMs)
and phosphorylates Y474 (Hayward et al.,
2009). These DRMs might also contain
signaling lipids because one such phos-
phoinositide, PI(4,5)P2, is recruited to
sites of EPEC adherence early during
infection (Sason et al., 2009).
Once clustered and phosphorylated,
a 12 residue Tir peptide encompassing
Y474 binds to the SH2 domain-containing
proteins Nck1/Nck2 (Hayward et al.,
2006). These adaptors possess SH3
domains that bind and activate N-WASP,
an actin nucleation-promoting factor that
cooperates with the Arp2/3 complex to
drive actin assembly in pedestals. A Tir
Y474F mutation causes an 95% reduc-
tion in the frequency of pedestal forma-
tion, and signaling via a Y474-Nck-N-
WASP pathway is the primary mechanism
by which EPEC triggers actin assembly in
cultured cells (Hayward et al., 2006).
Much of the remaining5% of pedestal
formation stimulated by a Y474F mutant
can be attributed to signaling from Y454
(Hayward et al., 2006). Of interest, a
peptide encompassing this phosphotyro-
sine was recently shown to bind to the
SH2 domain of phosphoinositide 3-kinase
(PI3K) (Sason et al., 2009; Selbach et al.,
2009). Moreover, PI(3,4,5)P3 can be
found at sites of EPEC adherence (Sason
et al., 2009), suggesting that Tir-mediated
activation of PI3K might result in local
conversion of PI(4,5)P2 to PI(3,4,5)P3
and that this process might contribute
to actin-pedestal formation (Figure 1).
Nevertheless, the relationships among
Tir-mediated signaling, phosphoinositide
metabolism, and actin-pedestal biogen-
esis remained unclear until the recent
findings by Smith et al. (2010) clarifiedCell Host & Microbeprevious work and opened new avenues
of investigation into how EPEC Tir coordi-
nates actin dynamics and membrane re-
modeling.
The authors first noticed that two other
tyrosines in the C terminus of Tir, Y483
and Y511, are found within sequences
resembling immunoreceptor tyrosine-
based inhibition motifs (ITIMs), short
peptides known to recruit SH2 domain-
containing phosphatases that dephos-
phorylate specific target proteins or lipids
to downregulate cell-signaling cascades
(Dae¨ron et al., 2008). They found that the
frequency of pedestal formation triggered
by a Tir Y483F/Y511F double mutant was
normalbut observed that the morphologies
of pedestals generated by this mutant were
dramatically different from pedestals
formed by wild-type Tir. Intriguingly, indi-
vidual bacteria that utilized the mutant Tir
molecule were frequently associated with
multiple unusually long pedestals.
Next, they investigated whether this
‘‘Medusa phenotype’’ (named after the
resemblance of the snake-like pedestals
to the Greek goddess’ hair) was due to
ITIM-like phosphatase recruitment. They
discovered that the inositol-5-phospha-
tase SHIP2 was specifically recruited to
the tips of pedestals generated by wild-
type Tir, but not the Y483F/Y511F mutant,
indicating that the tyrosines within the
putative ITIMs are necessary for its re-
cruitment (Figure 1). Of interest, depletion
of SHIP2 by RNAi reproduced the Medusa
pedestal, suggesting that the tyrosines
and SHIP2 may operate in the same path-
way for regulating pedestal morphology.
The Y483- and Y511-containing peptides
do not appear to be phosphorylated,
however, and it remains to be determined
whether SHIP2 can bind directly to these7, January 21, 2010 ª2010 Elsevier Inc. 1
Figure 1. A Model for EPEC Tir-Mediated Signaling and Pedestal
Biogenesis
Tir (whose N-terminal cytoplasmic region has been omitted for simplicity) first
inserts into a detergent-resistant membrane microdomain that contains
PI(4,5)P2. The kinase c-Fyn efficiently phosphorylates Y474 to trigger a potent
Nck-N-WASP-Arp2/3 complex-mediated pathway for driving actin-pedestal
assembly. Y454 is also phosphorylated and recruits PI3K to convert
PI(4,5)P2 to PI(3,4,5)P3, during which elongated pedestals are formed around
EPEC. Nonphosphorylated Y483 and Y511 recruit SHIP2 to convert
PI(3,4,5)P3 to PI(3,4)P2, which somehow reorganizes pedestals into a form
that is more conducive for stable directed motility.
Cell Host & Microbe
Previewssequences or whether addi-
tional host proteins mediate
their interactions.
SHIP2 is known to dephos-
phorylate PI(3,4,5)P3 to make
PI(3,4)P2 (Ooms et al., 2009),
raising the possibility that
PI(3,4,5)P3 generated by
PI3K early during infection
might be converted to
PI(3,4)P2 following Tir-medi-
ated recruitment of SHIP2
(Figure 1). Indeed, the authors
found that pedestals trig-
gered by wild-type Tir were
enriched with PI(3,4)P2 and
were rarely associated with
PI(3,4,5)P3. In contrast, the
abnormally long pedestals
formed by the Tir Y483F/
Y511F mutant lacked
PI(3,4)P2 and contained
much greater amounts of
PI(3,4,5)P3 in the membrane.
Together, these results sug-
gest that, in the absence of
SHIP2 recruitment by Tir, the
composition of the pedestal
envelope is not converted
from PI(3,4,5)P3 to PI(3,4)P2and that pedestal organization is disrup-
ted as a consequence.
It is interesting to note that the Medusa
phenotype might not simply be an effect
of dysregulated Tir signaling and could
occur transiently during wild-type EPEC
infections. In fact, a similar phenomenon
has been witnessed previously in priming-
and-challenge assays, as well as when the
C-terminal cytoplasmic domain of Tir has
been expressed in host cells in the absence
of other EPEC proteins (Campellone et al.,
2004). In both instances, within minutes
after Tir clustering, individual bacteria asso-
ciate with multiple abnormally long pedes-
tals that later condense into single short
pedestals (Campellone et al., 2004).
Collectively, these findings give rise to
a model for pedestal formation and matura-
tion that considers both actin and
membrane reorganization (Figure 1). In
this model, c-Fyn phosphorylatesTir imme-
diately upon multimerization and entry into
a cholesterol- and PI(4,5)P2-rich DRM to
promote a rapid induction of signaling.
While phosphotyrosine Y474 activates
a Nck-N-WASP-Arp2/3 signaling cascade
to trigger cytoplasmic actin assembly,
phosphotyrosine Y454 recruits PI3K to2 Cell Host & Microbe 7, January 21, 2010 ª2convert PI(4,5)P2 to PI(3,4,5)P3 in the
membrane, conditions that might combine
to generate a burst of actin polymerization
and membrane protrusions beneath
EPEC. Shortly thereafter, Y483 and Y511
recruit SHIP2 to convert PI(3,4,5)P3 to
PI(3,4)P2, which somehow facilitates
downregulation of signaling and pedestal
reorganization into more compact struc-
tures that allow EPEC to stably surf along
the cell. Long-term association with SHIP2
and tyrosine kinases like Abl, Arg, and Etk
(Bommarius et al., 2007) might then main-
tain the membrane composition and Tir
phosphorylation states that are optimal for
actin assembly and motility. This model
awaits rigorous experimental testing.
Importantly, the precise mechanisms by
which PI(3,4)P2 contributes to pedestal
reorganization have yet to be defined. The
accumulation of discrete phosphoinositi-
des in the membrane is known to control
the localization of specific factors that influ-
ence signaling, and at least two such
proteins appear to be recruited to EPEC
pedestals. These include the adaptor
protein Shc and the PI(3,4)P2-binding
protein lamellipodin, as depletion of either
of these factors results in the Medusa010 Elsevier Inc.phenotype (Smith et al.,
2010). Shc localizes to EPEC
pedestals in a Y483/Y511-
and SHIP2-dependent
manner but also requires
phosphorylated Y474 for re-
cruitment, suggesting that
feedback from actin polymeri-
zation might also affect its
localization. A more complete
understanding of the timing
and coordination of signaling
from the phosphorylated and
nonphosphorylated tyrosines
in Tir requires further investiga-
tion. It also remains to be seen
whether similar phosphoinosi-
tide changes occur during nor-
mal host cell processes, such
as nephrin-mediated phos-
photyrosine signaling and actin
dynamics (Blasutig et al.,
2008). Clearly, there is still
much to learn from how EPEC
Tir alters normal mammalian
cell processes.
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